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NOTICE

"when U. S. Goveirnment drawings, specifications, or other
data are used for any purpose other than a definitely related
Government procurement operation, the Government thereby incurs
no responsibility nor any obligation whatsoever, and the fact
that the Government may have formulated, furnished, cr in any
way supplied the said drawings, specifications or other data,
is not to be regarded by implication or otherwise, or im any
manner licensing the holder or any other parson or ccrporation,
or conveying any rights or permission to manufactire use, or
sell any patented invention that may in any way be related
thereto."

FOREWORD

This technical report, "Carborane Burning Rate Catalysts",
was prepared as partial fulfiliment of the requirements of

Contract No. ¥Y04611-71-C-0066 for the Air Force Rocket Propulsion

Laboratory, Research and Technology Division, Air Force Systems
Command, Edwards, California. The work reported was performed
in the Propellant Development Department, Advanced Propellants
Section nf the Aerojet Solid Propulsion Company, Sacramento,
California. This report, designated Aerojet Report No. 1840-
26SA-2, records the results of work done during the interval

1 February 1973 to 15 August 1973, The program is monitored
by Mr. N. VanderHyde.

Acknowledgement is made to Mr. N. VanderHyde of AFRPL and
Mr. J. Braun and F. Pickett of NWC for their aid in selecting
promising structures of new carborane burning rate catalysts.
Acknowledgement is elso made to Mr. R. F. Putman for the
instrumental analyses performed on the new compounds, and
Mr. T. S. Fletcher for propellant formulation and laboratory
assistance.

This technical report has been reviewed and is approved.

FOR THE COMMANDER

Charles R. Cooke
Chief, Solid Rocket Division
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The branched unsaturated carborane derivative, 3,7-dimethyl-2,6-octa 'J-
bis-(1-carboranylmethyl)ether, has proved to be compatible with cured HTIPB .
the 607 level. Propellants containing high levels of this carborane showed no
evidence of plasticizer bleeding over lung periods of storage. Also pro-
pellants containing this derivative have exhibited higher burning rates than
those containing equivalent amounts of NHC.

Several alkyl oxygen ether derivatives of bis-(l-carboranylmethyl) ether
have been prepared and partially evaluated. Both the butoxyethoxymethyl and
isobutoxyethoxymethyl derivatives are more effective as burning rate acceler-
ators than NHC. These materials, although compatible with cured HTPB at the
60% level, erude slightly from test propellants.

Two pentaborane carboranes were prepared and evaluated as propellant
plasticizers. 1t was found that the small closo-carborane cage is highly
susceptible to oxidative degradation and consequently of limited value as a
burning rate accelerator.
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I. INTRODUCTION (U)

B T O e IR S
¥t
- 2 ek s 5o

) This is the second Interim Technical Report submitted in partial

< i,
=39

ey

e

fulfillment of the requirements of Contract F04611-71-C-0066. The

e

EESEE T

technical portion of this report covers the period 1 February 1973 to

A AT,

15 August 1973. This v)irk is being performed in the Advanced Propellants

Section of which Dr. R. L. Lou is Manager. Dr. L. J. Rosen is Technical

AEIEPREN I

Py

Manager of the program and Dr. R. fitzgerald is the Principal Investigator.
A summary of the carboranes prepared during this reporting period is
included as Appendix A.

II. OBJECTIVE (U)

) The objective of this program 18 to produce carborane burning rate
catalysts which can be used in solid propellants and are (1) more efficient
than currently available burning rate catalysts, and (2) free from problems
associated with current catalysts.

V) AFRPL personnel have devised a series of requirements for carborane
catalysts which would be acceptable for advanced propellant application:

(1)) A. Wide Liquid Range. An ideal compound would have a liquid

range of from -65°F to 350°F if used as a plasticizer. Co-cured compounds

may have a lesser liquid range.

v (1)) B. Low Vapor Pressure. The compound must have low volatility at

fé: . temperatures up to 350°F if used as a plasticizer. Co-cured compounds ;

3

;
W; A
LRGeS SEAR L &
PR 4

should have low volatility up to 200°F,

N

5
«
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v C. High Boron Content. Compounds siiould have a boron content

comparable to or greater than that of NHC to assure a high catalytic

effectiveness.

) D. Minimal I_ Loss. Compounds should cause little or no

loss in Isp when substituted for other binder ingredients in en

aluminized compositc formulation.

) E. Processing Aid. TIf possible, the compound should act as a

processing aid to improve solids lcading capability. For this purpose

a low viscosity compound is desired.

(V) F. No Petrimental Effects on Binder Properties. Mechanical

properties of propellant should not be adversely affected by the
inclusion of the additives.

¢1)) G. Non-Migrating. Compounds should be designed so their

molecular structure precludes migration. This may be accomplished
by bulky molecules or by co-curing with propellant binder.

U))] H. Molecular Structure Flexibility. If possible, the basic

molecule should be amenable to addition of various functionalities

such as NCO, OH or COOH.

()] I. Thermal Stability. Comjpounds should not be subject to

thermal degradation or decomposition at temperatures up to 350°F.

¢1)] J. Chemically Stable. Compounds should not undergo oxidative .

degradation or chemical interaction with other propellant ingredients

L

at storage or use conditions.
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V) K. Non~Hazardous. Compounds should not be inherently sensitive g?
nor should they :3ensitize propellants or propellant ingredients. g
(v) L. Miscible with Binder. Neat compounds should be miscible with %
the binder(s) over a wide range of concentrations since the potential %
requirement for high catalyst levels exists. %%
¢i)] M. Efficient Production. The compounds should be amenable to %
high yield production from safe, simple reactions. g
() Bis~(1-carboranylmethyl) ether was selected at the inception of §
the program as a baseline compound for the preparation of new catalysts. g%
Several carborane compounds based on pentaborane were to be prepared, and %
evaluated as burning rate accelerators, in order to determine the stability %
of the small closo-carborane in propellant systems. ;%

I1I. SUMMARY (U)
) The following is a summary of progress made during the 6-1/2 month
period 1 February 1973 to 15 August 1973,
A. COMPOUNDS EVALUATED IN PROPELLANT SYSTEMS (U)
1)) The following compounds were evaluated in propellant systems

during the current reporting period at either NWC or ASPC,

Structure Properties
Gl s
= = — N ————— - ]
CH3C CHCHZCHZC CHCHZC CD//CChZOCHZC\\SD /CH mp <-10°C
’ 46% boron

10f10 81010
3, 7-Dimethyl~2,6~octadienyl-bis—(l-carboranylmethyl)ether
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Structure
LH3 CH3
CH3C=CHCH2CBSBSCCH2CH—CCH3

2,4~di~(3~methyl-2-butene)-2,4~dicarba-closo~heptaborane

3CH CHZCHZOCHZCHZOCHZQ\$D CCHZOCH C~ //Q

10 10 10 10

2-Butoxyethoxymethyl-bis-(1-carboranylmethyl)ether

S5 k,x;:ﬁ,, T 7 P s ST P GO TERR ST

Properties

24.6% boron
bp 85-86/1 mm

47.37% boron

CH3
)
CH,CHCH,_OCH,CH.OCH_C--~ CH_OCH,.C- -~ H
3 27727272 /9 272 \\(\/ﬁ 47.6 boron
B1oto B1of10
2-Isobutoxyethoxymethyl-bis~(l~carboranylmethyl)ether
) The carborane evaluated at NWC, 3, 7-dimethyl-2,6-octadienyl~bis~

(1-carboranylmethyl)ether, was tested at the 5 and 87 level in an 86% solids,

aluminized HTPB propellant containing 0.5 micron UFAP. All of

carboranes were evaluated at ASPC at between 1 and 3% in an 87% solids HTPB

propellant containing 3 micron UFAP.

1. QL]-Dimethyl-Z,6-occadienyl—bis-(l-carboranylmethyl)ether, GBCE (u)

)] This alkylated bis~carborane was found to exhibit both a liquid

range extending well below -10°C, and high compatibility with HTPB propellants,

et v At

Also, from evaluations at NWC, propellant plasticized with this carborane gave

higher burning rates than a control propellant plasticized with NHC at the same

weight percent.
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2.  2,4-Di-(3-methyl-2-butene)-2,4-dicarba-closo-heptaborane (U)

) This carborane was found to be completely miscible with
uncdred HIPB at ambient temperatures and compatible with the cured binder
at the 60% level. Unfortunately, it was noted that exposure to an air
otmosphere for an extended period of time, e.g. 5 to 10 cays, resulted in

a significant thickening of this material followed by formation of a white
precipitate. It was also observed that cured propellant samples contaiiing
this carborane had extremely hard crust-like exterior surfaces. Burning

rate data were not obtained with the pentaborane carborane.

3. 2-Butoxyethoxymethyl-bis—(l-carboranylmethyl)ether ()

v) This oxygen ether substituted carborane was found to be
more efficient as a burning rate accelerators than either NHC or GBCE.
Although this carborane is highly compatible with HTPB, plasticizer bleeding
was observed from a cured propellant plasticized at the 87 level.

4. 2-Isobutoxyethoxymethyl-bis-(l-carboranylmethyl)ether (U)

(v) The isobutoxy functionalized carborane has not as yet

been fully evaluted for compatibility with HTPB propellant systems. However,

it has been fouud to provide higher burning rates in test propellants than
GBCE.

B. OTHER COMPOUNDS (U)
(U) Numerous other carborane derivitives were prepared which
tentatively do not meet the requirements of chemical stability, wide

liquid range or HTPB compatibility. These compounds are listed in Table 1
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TABLE 1.

Compound*
Gy CHs

CH,,C=CHCH, CBHS CCH, CH=CCHl,
CH, Cit

CH ,C=CHCI, CH, C~CHCH,, CBH CH
¢ty oy

CH ,C=CHCH,~Z~CH, CH=CCH
My

CH,C=CHCH, 511, Z-H
Ci, Gy

CH ,C=CHCH,, Cl, C=CHCH,,~Z~H

(CH3)3C-0-CH CH=CHCH,~2-1

2

CH3CHZC“2CH20CH2UHZOCHZ—Z—H

CH3

)
CH3CHCHZOCH2CH20CH2-Z—H

~Cl,=CH,,

CH
ZCHZ_CHi/CHCHZOCHZ-Z H

CH,_=CHCH,C-~-:-* CCH,CH,OCH,CH,C—-- CCH=CH, ***

2 2 \63// 22777272 \{;/{;

10H10

HCBIORIOCCHZCHZOCHZCHzCBloﬂlocH

CH
¢ 3

CH_C=CHCH,CB, H, CCH,CH, OCH CH,CB

3 2771071077272 2

MELTING POINTS AND COMPATIBILITY IN HTPB OF C..RBORANE DERIVATIVLS

* Z= -C—\-a;CCIIZOCHzcic—)}C-

7

Byt

Melting Solubility** in
Point, °C Cured HWIPB, %
<-10 >60
<=1n >60
81-82 -
<-10 >€0
<-10 >60
<-10 -
<-10 >60
-10 >60
45-55 -
<-10 >60
25-30 450
<-10 -

ik R-45M/IPDI-Plasticizer cured 72 hours at 140°F
*kk  Average structure, note technical discugsion
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f - along with their melting points and, where determined, solubilities in %
E

cured HTPB binder. Candidate compounds are included for comparison. ;

IV.  TECHNICAL DISCUSSION (U) 3

&

A.  COMPOUND SYNTHESIS (U) :

1. Freparation of Pentaborane Carboranes (U) é

o

, ) Since the chemical and physical properties of pentaborane %
carboranes are not well known, two closo-carboranes were prepared in order %

to carry out Iinvestigatiors on the stability and compatibility of the small ?

carborane unit. %

. a. 3, 7-Dimethyl-2,6-octadienyl~2,4~dicarba~closo~-heptaborane f:
()* (U

5]

W This mono-alkylated carborane derivative was prepared %

on a small scale (v2g) through treatment of dilithio-2,4-d! ~arba-closo- %

L3

A

heptaborane with onea equivalent of 1-chloro-3,7-dimethyl-2,6-octadiene. %

A

EtZO/Hexane 3

2 n-BulLi + HCB_d_CH —=———— LiCB_H_CLi E

55 55 %

?H3 ?HB EtZO/Hexane %

CH3C=CHCH2CHZC=CHCH201 + LiCBSHSCLi > T + LiCl %

The resulting product was purified by solid-liquid chromatography and ILdentified

SR

via its spectral (NMR and IR) properties. Due to the small quantity of this

material, no further characterization of physical properties was attémpted.

R AR ot

* For simplicity, compounds reported here will be numbered as in the Program
Outline, Feoruary 1973. Those carboranes, w.jch had not been previously
numbered, will be numbered as reported in the sixteenth through twenty~
second Monthly R&D Status Reports.

-7-
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b. 2,4-Di-(3-methyl—-2-butene)-2,4~dicarba~closo~heptaborane (II)(U

Gy The dilithio derivative of 2,4-dicarba-closo-hepta -
borane was prepared through treatment of the small carborane with n-
butyllithium in mixed ether-hexane solvent. This transformation requires
approximately 20 hours for completion. The dilithio salt was then treated
with two equivalents of isopentenyl bromide and the reaction mixture stirred
vigorously while boiling under reflux for 10 hours.

Ft_0/Hexane

2 N
2 n-Buli + HCBSHSCH > LiCBSHSCLi
9H3 EtZO/Hexane
2 CH3C=CHCHZBr + LiCBSHSCLi > II + 2LiBr

Normal workup procedures, including product purification via chromatography
and distillation, resulted in a 65% yield of clear liquid; bp 85-86/1lmm.

Analysis of this material by glpc indicated a purity of greater than 997%.

2. Preparation of bis-(l-carboranylmethyl)ether derivatives (U)

a. Alkenyl Derivatives (U)
) Alkenyl, or unsaturated, substituents, are most
effective to date at reducing the melting point of bis~(l-carboranyl-
methyl)ether derivatives., Substituents containing branching as well
as unsaturation are particularly effective at increasing liquid range

and HTPB compatibility of bis-carboranes.
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(1) 3,7-Dimethyl-2,6-octadienyl~bis-(1-carboranyl-
methyl)ether (VI) (U)

(V) The derivative, VI, was prepared in the usual
manner from geranyl chloride and the monolithium derivative of the baseline

bis-(l-carboranylmethyl)ether.

CH CH

Cil 3
= C=CHCH. C1 + LiC—— CCH.OCH.C — - CH
CH (C=CHCH, CH, ) NYaikaaNe.
B10%10 B,0%10
CH c,

3
\
CH C—CHCH CH C CHCH C———"CCH OCH C——¢H

N A e

10 10 B0 10

Vi

After purification by column chromatography, VI was obtained as a clear
liquid melting below -10°C and boiling above 150°C (0.lmm).

()] Preparation of the geranyl chloride starting
material was altered significantly from that procedure reported in the

first Interim Technical Report. It was found, through several small scale
preparations, that treatment of geranyl alcohol with phosphorus pentachloride
in hydrocarbon solvents, followed by aqueous workup under basic conditions,
provided an alternate route for the synthesis of l-chloro-3,7-dimethyl-2,6~

octadiene.*

* Often referred to by the common name "geranyl chloride".
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s R
CH3C=CHCH2CHZC=CHCH20H i ;
(1) PCZ5 E
| (2) NaoH
v ; H
s s
CH3C=CHCH2CH2C=CHCH201 : 3

This procedure provided the alkyl chloride in higher yields than the

previously reported method. More significantly, the cost per gram of

ST A T s €Y £ o BT s

the alkylating agent is reduced by at least a factor of five. Also,

large scale preparations of this material are more amenable to the phosphorus

pentachloride procedure.

e o A Bty o s L

(2) Di-(3-methyl-2-butene)-bis-(l-carboranylmethyl) .
ether (XII) (U)

) Compound XII was synthesized, on a small scale,

[ N R I

due to its ease of preparation and chemical similarity to 3,7-dimethyl--2,6-

i

octadienyl-bis-(l-carboranylmethyl)ether. This synthesis was accomplished

CH3 CH3 ?H3

) '
Li-Z-L1 + 2 CH3C=CHCH2Br _— CH3C=CHCH2-Z-CH20H;CCH3 + 2 LiBr

in high yield (>80%) through treatment of dilithio-bis-(l-carboranylmethyl)

© B Ry s

EYE P

pe

ether with excess isopentenyl bromide. The fact that the material is a

RN

8olid melting at approximately 81°C, although unfortunate, further
strengthens the theory that symmetrical carboranes tend to have much higher

melting points than their unsymmetrical isomers.
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K (3) Mixture of Allyl- and vinyl-bis-(l-carboranylethyl)
} ethers (XVII) (U)

(U))] Although XVII is an accurate description, in

o LT A et b S A e Bt e 5, S it Tt

respect to boron content, of the carboranes formed through this sequence,

<ws

CH,=CHCH,C——CLi + CH ==CHC-—--—~CL:[ + ClCHZCHZOCHZCH cl

2\ l \o/

S i

B,0t10 B ofh0

o

XVII + 2 LiCl

L RPTEEE B Wz
¢ ¥;
RSP INT

the actual mixture is composed of three products (shown below) in the ratio

PRI T

of a:b:c of 1:2:1.

CH,=CHC .=~ GCH, CH,,0CH, CH, G- CCH=CH,
\O- AN
B10t0 5,0t10

P A L b o

XV1I~-a

CH =CHCH C—‘"—“CCH CH OCH,,CH,,C-—=— CCH= CH
2 272 ()

B10t0 ‘o B0 %
:

XVII-b

CH,=CH,CH, C-=2~ CCH, CH,0CH, CH,C—=— CCH, CH=CH,,
2720 / 2772 \o/

10 10 LO 10

BT L, B e L N B P oA SR S e
NI N Gt ) 2 ‘
B v CaB i DN ah Bb b ooty s Ra S et s et oot |

A

XViI-c

L EVERFY Ty
o oants

As expected, the product mixture is compatible with HTPB and exhibits

a liguid range extending below -10°C,
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{0 The starting materials for this particular mixture

WEret el .

were not prepared at ASPC,but were previously obtained from 0lin Chemical

Company. It is not intended that large quantities of the final products be

LAY, VR ZEE PMIA Vi

prepared in this manner, but enough will be synthesized in order to complete

-

R

evaluations as burning vate accelerators. Should promising results be obtained,

2

Ca

the starting allyl and vinyl carboranes will be obtained through treatment

of the corresponding alkynes with decarborane.

b. Thio Derivative (U)

EITI M 9O S Ve BT A e o

(1) Isopentylthiomethylene-bis-(l-carboranylmethyl)
ether (XIII) (U)

) Isopentyl chloromethyl sulfide, required for the
synthesis of XIII, is prepared through treatment of isopentylmercaptan with

formaldehyde under acidic aqueous conditions. The product chloromethyl sulfide

R TR R LIPS AP R OIS

is isolated, in approximately 65% yields, through distillation and characterized

via its NMR and IR spectra. This material was found to be greater than 957

ORI ™ Y O ke

pure through glpc analysis.
(1)) On reacting lithio-bis-(l-carboranylmethyl)ether

with the above described chloromethyl sulfide, a low yileld of liquid product

is obtained after normal workup piocedures.

cH CH
3 HC1 v 3

1
CH3CHCH2CHZSH + H2C0 —— CH3CHCH2CHZSCH2C1

CH ¥
3
1
CH4CHCH, CH,SCH,C1 + L1CT— CCH,0CH,C—~ =~ CH

NO/ 20/

B,ot0 81010
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CH
v 3

CHBCHCHZCHZSCHZQ:ES CCHZOCH2C<33;;CH

S SR e A S e

E

L1, -

i By0t10 B10%10
, (XIID)

A AT

The IR spectrum of this material is in agreement with the assigned structure.

o

PRI
NIV

However, the NMR spectrum indicates that more than a single product is formed.
The absorption assigned to the methylene hydrogens on the carbon situated
between the carborane and sulfur groups does not appear as the expected
singlat at approximately 63.26 (as observed in CMES), but as three different
apparent singlets within this general area. It is likely, therefore, that

an alternate reaction is competing with the normal substitution pathway.

1f, for example, an o-elimination type mechanism is the competing reaction,
both low yields and several products could be readily explained.
c. Oxygen Ether Derivatives (U)

(1) 2-Butoxyethoxymethyl-bis~(l-carboranylmethyl)
ether (XIV) (W)

(v Carborane XIV was prepared through treatment of
1ithio~-bis-(1-carboranylmethyl)ether with 2-butoxyethyl chloromethyl ether.
- — Ci + LiC
Lic\\CZ/CCHZOCHZC\\g),,cn + CH3CH2CH2 dZOCHZCHZOCHZCl — XIV + LiCl
B10%10 B10%0

Product purification and characterization were accomplished through well
established techniques. The chloromethyl ether used in this preparation
was synthesized from the parent alcohol via treatment with aqueous hydro-

chloric acid and paraformaldehyde.

-13-
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CHZO/HCI
CH3CH2CH2CH20CH2CH20H _— CH3CH2CHZCHZOCHZCHZOCHZCI -

(2) Cyclohexylmethyl [bis-(l~carboranylmethyl)ether]
methyl ether (XV) (U)

(u) The preparation, purification and identification
of carborane XV were all accomplished through analogous procedures used

on carborane XIV.

CH,~CH H, -CH

z 2 cu/c 2 CHCH..OCH_ C1 .
CHCH,OH + HC1/CH,0 ——> My 20CH,

y ~
cH
2 \
2h{zacuz/ CH,-CH,

CH,-CH
7772 T2
H CHCH,OCH,C1 + LiC—-_ CCH,OCH,C-- CH ——— XV + LiCl
2 J/ 27772 \o/ 2 2\0/
CH_-CH % H

2 2 10%10 Boti0

c

Unfortunately, the purified carborane crystallized on standing at room

temperature for several days.

(3) 4-t-Butoxy~2-butenyl-bis-(1l-carboranylmethyl)
ether (XV) (U)

¢)) The oxygen ether derivatized carborane, 4-t-butoxy-

2-butenyl-bis~(l-carboranylmethyl)ether Xv,

cH, i

| . K
CRAC-0-CHCH-CHOR,C,_ FCHZOCHZCXC o -}
CH3 \ //l 1
B10M10 B10%0 n

XV ‘

~14-
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which contains both unsaturation and branching was synthesized thrqugh

a two step-reaction sequence.

A
R

CH CH
'3 Light ' .
CH_C-0-Cl. + CH_=CHCH=CH, ——Btts CH CO-CH,,CH¥CHCH, C1
3, 2 2 ce1, 3, .
CH3 CH3 é
c g
o c1 %é
CH. C-0-CH_.CH=CHCH, C1 + LiC—— CCH,OCH.,C CH - XV + Li
T
cH; B10t10 8100

The preparation of 4-t-butoxy-l-chloro-2-butene was accomplished through
treatment of 1,3-butadiene with tert-butyl hypochlorite in carbon cetra-
chloride solvent. On irradiation with a 200-watt light globe, the reaction
is initiated and proceeds smoothly at 0°C. The allylic chloride product
was purified by distillation and identified via its spectral properties.

1)) Treatment of this halide with lithio-bis-

(1-carboranylmethyl)ether gave two isolated products. The minor one was
identified as the desired carborane, while the major product appeared to
be derived from substitution of the t-butoxy function yielding 4-chloro-

2-butenyl~bis-(1l-carboranylmethyl)ether (below).

C1CH.CH=CHCH.C—- CCH.OCH.C———CH
2 X0 / 20CH, \O /
B, ot10 B ot10

This material was tentatively identified from its NMR spectrum. The
low yields observed in the preparation of carborane XV make this compound

an unlikely candidate for a burning rate accelera.or.
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(4) 2-Isobutoxyethoxymethyl-bis~(l-carboranylmethyl)
ether (XX) (U) .

v

44)] A branched oxygen ether substituted carborane ;
was prepared using procedures similar to those used in the synthesis of :

carboranes XIV and XV.

) Isobutoxyethyl chloromethyl ether, required for

the synthesis of carborane XX, was prepared through treatment of the parent

Yannome &L das

alcohol with paraformaldehyde and hydrochloric acid. Alkylation of lithio- 1
bis-(1-carboranylmethyl)e*her with this chloride gave the desired product. i

cu cu :

v 3 3
HC1
CH3CHCH20CHZCH20H + HZCO = CH3CHCHZOCHZCHZOCH Cl . :

CH
y 3

CH3CHCHZOCH2CH20CH2C1 + Li-Z~-H — XVII + LiCl ;

Carborane XX, on purification by column chromatography, was found to be a

clear liquid melting below ~10°C and boiling above 150°C/lmm.

3. Preparation of meta-bis-(l-carboranylethyl)ethers (U)

Several carborane derivitives based on meta-carborane were

)
prepared in anticipation of providing carborane plasticizers which exhibit

high compatibility with HTPB. Also, the use of carboranylethyl ether was

incorporated into these compounds in order to obtain low liquid ranges.

a. Meta-bis-(l~carboranylethyl)ether (XVI) (U) .

) Carborane XVI was synthesized in high yields via the

reaction of mono-lithio-meta-carborane with bis-chloroethyl ether.
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2LiCBlOHloC H+ ClCHZCHZOCHZCHZCI — XJI + 2 LiCl1

t ‘rification of this carborane, accomplished through column chromatography,
yieided a white wax—like material which melted below 30°C. The low melting
point observed for this baseline material indicates (as shown below) that
only slight modifications will be necessary in order to attain a liquid range
extending beiow -10°C.

b. Isopentenyl-meta-bis-(l-carboranylethyl)ether (XVIII) (U)
)] The preparation of this plasticizer was accomplished
through treatment of lithio-meta-bis-(l-carboranylethyl)ether with one
equivalent of isopentenyl brcmide.

3

LiCBlOHIOCCHZCHZOCHZCHZCBIOHIOCH + CH30=CHCH2Br ———— XVIII + LiBr

On normal work up and chromatographic purification, less than a 30% yield
of product is realized from this step. Although the product yield is low,
the physical characteristics of this carborane are encouraging, as the
material is much less viscous than alkylated bis-(l-carboranylmethyl)ethers.
This could be a result of either the ethyl ether function or the use of
- meta-carborane.
¢. Diallyl-meta~bis~(l~carboranylethyl)ether XIX (U)

) A dialkylated meta-carborane derivitive was prepared
via the reaction of dilithio-meta-bis~(l-carboranylethyl)ether with excess

allyl bromide.
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LiCBIOHIOCCHZCHZOCHZCHZCBloHIOCLi + CH2=CHCH2Br ——— XIX + 2LiBr

The product carborane,XIX, was also a very fluid liquid, but again less

than a 30% product yield was realized from the alkylation reaciion.

v These low yields from seemingly straight forward
reactions are most likely due to secondary reaction of the baseline meta~
carbtorane with butyl lithium. For example, if treatment of bis-(l-carboranyl-
ethyl)ether with an alkyl lithium reagent resulted in partial cleavage of

the ether function rather than formation of the lithiocarborane, low ylelds

would be expected. Should this be the case,it would be desirable to synthesize
these compounds through a different reaction sequence (note recommendations).
B. STABILITY EVALUATIONS ON PENTABORANE CARBORANES (u)

) Small samples of 3,7-dimethyl-2,6-octadienyl-2,4-dicarba-closo~

heptaborane (I) and 2,4-di-(3-methyl-2-butene)-2,4-dicarba-clogo~heptaborane 11

were placed in sealed ampules at ambient temperature under several atmospheric

conditions. These included: (1) anhydrous oxygen; (2) anhydrcus nitrogen;

(3) anhydrous air; and (4) nitrogen saturated with water. :

{0) The effects of the various conditions on both carboranes can

be summarized very simply, a1 that, all samples in contact with oxygen
gradually thickened and a white precipitate formed. Samples under moist
or anhydrous nitrogen showed no visual or analytical (glpc analysis) evidence é

of change. :
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(1)) An infrared analysis of those samples, shown below (Figure 1),

subjected to an oxygen atmosphere indicated gradual formation of boric oxide

s

1 and 3200 cm-l). The carbon

<

type materials (eq. broad absorptions at 1450 cm

% e
I

hydrogen and boron hydrogen stretching frequencies (C-H, 2980 cm_l and B-H,

T s

2600 cnrl) appear to remain constant in intensities, relative to each other,
throughout the oxidative decomposition. This would indicate the carborane

cage itself, rather than the alkyl substituents, is being oxidized.

R X
YR S
SN SAI NS N I b AP bl £V VeI L0 3656 5,

()] The observed oxidative instability of 2,4-dicarba~closo-

A R S

o
e

B

RO

B T W T SNC SR P FURPNOAT: S 1 WP TN

. heptaboranes has discouraged further work on these materials.

C.  COMPATIBILITY STUDIES (u)

) 1)) The compatibility of bis—carborane plasticizers was determined
ir. HTPB binders and propellants. Binder compatibility studies were performed
at ASPC and propellant evaluations were conducted both at ASPC and the Naval

Weapons Center, China Lake, California.

1. Compatibility in HTPB Binders (U)

et %

) The compatibility of several carboranz plasticizers in

cured R-45M was determined by mixing specified amounts of plasticizer
with a stoichiometric blend of R-45M and IPDI.* The samples, 2 gram, were

mixed throughly, degassed for 20 minutes at ambient temperature and then

Lt s Wk BT Rt s e i e Dt

cured thoroughly for 72 hours at 140°F.

U) Those carborane compounds evaluated in this manner, were

all compatible in the cured binder at the 60% level. The plasticizers

. evaluated are shown in Figure 2.

* Isophoronediisocyanate
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Figure 1. Infra Spectra of Carborane II on Exposure to an Oxygen Atmosphere (Cont.)
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Figure 2. Carboranes Evaluated for HTPB Compatibility*

.

*:: * These compounds were all found to be goluble in R-45M at equal to . q
& or greater than the 607 level. ;
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2. Compatibility in HTPB Propellants U)] g; :

©) The 3,7-dimethy1-2,6—octadieny1—bis-(1—carboranylmethy1) g .
ether (GBCE) was evaluated at NWC fcr compatibility at the 5 and 8% level %% :
‘5 ;

in an 86% golids aluminized propellant containing 0.5 micron UFAP. g% i
g

The propeliants were mixed, cast and cured for seven days at 140°F. At A
I

the end of the cure cycle no evidence of plasticizer bleeding was observed i
44

at these ievels. Investigatilons are currently being conducted on the migration @

L

S
o

tendencies of GBCE as compared to NHC.

2

Al

’ © The isobutoxyethoxymethyl- and butoxyethoxymethyl-bis-

£
‘
3
%

carboranes were evaluated at ASPC at the 8% level in an 86% solids propellant.
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With both plasticizers, on curing, the propellant surface remained dry

E L el
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for approximately one week at ambient temperature with no apparent plasticizer

oo

bleeding. After this initial period, a light film of liquid appeared on the top oo

W
N
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surface of the propellant cube. It can be concluded that these carborane

gégwﬁ o
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derivatives are only marginally compatible with HIPB propellant at the 8%

)
PG

;i} level,
ﬁgﬁ ©) Carborane II, 2,4-di-(3-methyl-2-butene)-~2,4-dicarba-closo-

e
3ol

heptaborane, was incorporated in a standard 86 wt% solids, HTPB propellant

S

pire

at the 9.6% level. Propellant cubes, on curing at 135°F for 24 hours,

exhibited hard crust-like exterior surfaces, indicating a chemical surface
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reaction was taking place rapidly at this temperature. Consequently, this

v

propellant was considered a potential safety hazard and was disposed of.
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D.  PROPELLANT EVALUATION (U)

Ry

1. Selection of Propellant Formulation (U)

DY

PRI

w Several propellant formulations were prepared and

characterized by burning rates and hazard properties. The objective

e

of this study was to obtain a formulation which when plasticized with

b ta C¥e AW n

low percentages of 3,7-dimethyl-2,6-~octadienyl~bis—~(l~carboranylmethyl)

FED

AL

ether would exhibit a burning rate of approximately 1.5 ips at 1000 psi.

The results of this investigation are shown in Table 2.

P et 2,

© These data dramatically illustrate the increased effectiveness .

s Fans

of carborane burning rate accelerators as the oxidizer particle size is

o At

reduced. This study delineates a practical approach to the achievement of

a3 S

burning rates in the range of 1.5 to 2.0 ips using but 1 to 3% carborane

and without submicron oxidizer. The 87% solids propellant containing 3u 1
AP, which exhibited a burning rate of 2.45 ips at 1000 psi with 3% carborane,

was adopte a baseline formulation for evaluations of carborane burning

L A T T NS PN

rate accedc w.Ibhe

2. Efficlency of Carborane Burning Rate Accelerators (U) %

© In order to determine the lowest concentration of GBCE 5
required in the baseline formulation to obtain a burning rate of approxi~ ‘ %
mately 1.5 ips at 1000 psi, propeilants plasticized at the 1 and 2% level

were prepared and evaluated. Also, several new carborene plasticizers were
evaluated in this formulation at the 2% level. These results along with a

comparison to a NHC plasticized baseline propellant are shown below (Table 3).
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TABLE 3.-

Carborane

1000 psi
2000 psi

Rotary Friction, g
Impact, cm/2 kg
Onset of Exotherm, °F

Carborane 27

Butoxyethoxymethyl—-*

CONFIDENTIAL

SAFETY DATA AND BURNING RATES FOR HTPB-CARBORANE PROPELLANTS (U)

17 GBCE 2% GBCE

Burning Rates (ips)
1.51 1.87
2.30 2.88

Safety Data

Cured Uncured Cured Uncured
2330 1920 3560 1800
13.3 29.0 12.2 18.0
435 480 - 471

Isobutoxyethoxymethyl-*

Burning Rates (ips)

1000 psi 2.00 2.32
2000 psi 3.00 3.67
Safety Data
Cured Uncured Cured Uncured
Rotary Friction, 8§ 1950 1150 1500 2420
Impact, cm/2 kg 5.7 14.9 13.6 23.4
Onset of Exotherm, °F -~ 472 - 484
Carborane 2% Allyl/Vinyl Mixture** NHC
Burning Rates {ips)
1000 psi 1.93 1.83
2000 psi 2.94 2.90
Safety Data
Cured Uncured Cured Uncured
Rotary Friction, g 650 430 1450 >4000
Impact, cm/2 kg 6.7 9.0 17.4 11.2
Onset of Exotherm, °F -~ 431 - 411

*  indicates substituted bis-(l-carboranylmethyl)ether
*% allyl /vinyl mixture of bis-(l-carboranylethyl)ethers
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) From the results in Table 3, it can be seen that several
bis-carborane compounds have been prepared which are near equal or more ef-
ficient than NHC. Although both butoxyethoxymethyl- and isobutoxyethoxymethyl-
big-(l-carboranylmethyl)ethers are more effective burning rate accelerators
than NHC, the observations that when used at high concentration these plastici-
zers tend to exude from the cured propellant somewhat limits the value of these
carboranes. On the other hand, GBCE has exhibited high compatibility with HTPB
propellant systems cnd further evaluations of this material are currently in
progress, The allyl/vinyl mixture of bis-(l-carboranylethyl)ethers has not

as yet been evaluated for compatibility with HTPB propellants.

V. EXPERIMENTAL SECTION (U)

1)) Those syntheses which have been previously reported (First Interim
Technical Report, October 1972) will not be reported in deta’l here.

A. 1-Chloro-3,7-dimethyl-2,6-octadiene (U)
(t) A rapidly stirred slurry of phosphorous pentachloride (55.0g,
0.30 mole) in 100 ml of hexane was cooled (ice-water bath), and 30.8g
(0.20 mole) of 3,7-dimethyl-2,6-octadien-l-ol in 75 ml of hexane was added
dropwise. The reaction mixture.was then heated at reflux for 0.5 hr,
allowed to equilibrate to ambient temperature, then hydrolyzed with 500g
of ice. The organic layer from the resulting two phase mixture was separated,
washed with saturated sodium chloride solution (3x100 ml) and dried (M8304)-
This solution was concentrated by rotary evaporation and distilled at reduced
pressure yielding 22g (64%) cf l-chloro-3,7-dimethyl-2,6-octadiene: bp

63-66°C/0.5 mnm (reported bp 64~65°C/0.05 mm).l

1 G. Stork, P. A. Grieco and M. Gregson, Tetrahedron Lett., 1393 (1969).
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B. 2-Butoxyethyl chloromethyl ether {(U)
) The following 1is a representative procedure for the syntheses
of several chloromethyl alkyl ethers and chloromethyl isopentyl sulfide.
Spectral and physical properties of these compounds ere listed individually
below.
41)) To a stirred mixture of 7.5g (0.25 mole) of paraformaldehyde
and 50 ml of genzene was added 100 ml of concentrated hydrochloric acid
over a 10 min period. The resvlting two phase mixture was heated to 30°,
and treated dropwise with 23.6g (0.20 mole) of 2-butoxyethanol over a 0.5 hr »
period. On heating to 50°C, the reaction mixture was stirred for 2 h.uirs,
cooled, and the layers separated. The upper oxganic layer was washed with

water (1x200 ml), dried (MgSOA) and concentrated by rotary evaperation,

Distillation of the concentrate at reduced pressure gave 2-~butoxyethyl
chloromethyl ether: bp 56-59°C/1 mm; ir (neat) 2870 and 2960 (CHZ) and
1120 em * (C-0); nmr 6 0.90 (t,3,CH,), 1.22 to 1.63 (m broad, 4, C~CH,),

3.27 to 3.88 (m, 6, qu—O), and 5.51 ppm (s, 2, -QﬂQCI)‘

C. 2-Isobutoxyethyl chloromethyl ether (U)
W) Prepared as described above; bp 59-61°C/2 mm; ir (neat) 2890-2960
(CHZ) and 1120 cm_1 (C~0); nmr & 0.88 (d, 6, J = 8 Hz, qgs), 1.84 (m, 1, C-H),
3.20 (4, 2, J = 8 Hz, CHCH,0), 3.47 to 3.88 (m, 4, OCH,CH,0), and 5.47 ppm

(ss 2, CH,CL).
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‘ D. Cyclohexylmethyl chloromethyl ether (U) 2»%
i} v) ' Prepared as described above: bp 39-42/2 mm; & 0.90 to 1.92 3 ‘
%: (m, 11, ring), 3.40 (4, 2, J=7Hz, C—C§20) and 5.45 ppm (s, 2, QEQCI). § §
%: E. Isopentyl chlorometnyl sulfide (U) ? §
' w Prepared as described above: bp 60-63/3 mm; nmr & 0.94 (d, 6, 3 :
J=THz, CH,), 1.55 (m, 3, methylene), 2.69 (m, 2, C-CH,-S), and 4.65 ppm 3
“ (s, 2, CH,CL). i E
? F. 4-t—Butoxy-l-chloro-2-butene (U) % g
§% , (1)) To a solution of 400 ml of carbon tetrachloride and 150 ml of % g
V‘ 1, 3-butadiene was added 21g (0.20 mole) of freshly distilled t-butyl hypochlorite. g Z
%f “ The reaction mixture, maintained under an oxygen free nitrogen atmosphere, was § §
: cooled in an ice~water bath; and irradiated with a 200-watt frosted light bulb 1
é? for 0.5 hr. During this period the solution changed from light yellow to ; %
iz colorless, indicating the disappearance of t~butyl hypochlorite. Concentration % %
i? of this mixture followed by distillation at reduce pressure gave 17.0g (53%) % %
‘ of 4-t-butoxy-l-chloro-2-butene: bp 68-72°C/10 mm; n>® 14530, (lit’ f?
; bp 69-72°C/10 mm; n>> 1.4526). i ,
;?; G. 2,4-Di-(3-methyl-2-butene)-2,4~dicarba—-closo-heptaborane (U) f é
,? (v) - The following procedure is representative for both pentaborane é g
£
carboranes prepared. Into 250 ml of diethyl ether/hexane solvent (2.5/1), g
under a dry nitrogen atmosphere, was added 10.0g (0.118 mole) of 2,4~dicarba- gg
' closo-heptaborane. The reaction mixture was cooled to -30°C then treated é
. with butyl lithium (0.240 mole as a 15% solution in hexane). On equilibration %
!
2 J. K. Kochi, J. Amer. Chem. Soc., 84, 2785 (1962). ?
i
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to ambient temperature the mixture was stirred for 18 hours during which

time the dilithio~carborane separates from the solvent ags a fine suspension.
With rapid stirring, this heterogeneous mixture was treated with 50g

(excess) of isopentenyl bromide, then boiled at gentle reflux for 10 hours.

The mixture was then quenched with 200 ml of water and the layers separated.

The upper organic layer was washed with saturated sodium chloride solution
(2x200 ml}, dried (MgSOé) and concentrated by rotary evaporation. Distillation
of the residue gave 17.0g (65%) of 2,4-di-(3-methyl-2-butene)-2,4~dicarba-closo-
heptaborane: bp 85-86°C/1 mm; ir 2930 (C-H), 2620 (B-H) and 1660 cm - (C=C),

Y, 3.19 (4, 4, J=8Hz, ng), and 5.34 ppm

-

nmr 8§ 1.69 (s, 6, CH ). 1.75 (s, 5, Cg_3
(2, 2, j=8Hz, =CH).

H. Alkyl bis-(l1-carboranylmethyl)ether (U)
(u) The following is a representative procedure for the synthesis
of a series of alkenyl, alkyl ether and alkyl sulfide substituted carboranes.
A golution of 5.0g (0.015 mole) of bis-(i-carboranylmethyl) ether in 60 ml
of anhydrous diethyl ether, under a nitrogen atmosphere, was cooled (ice-
water bath) and treated with butyl lithium (0.016 mole as a 15% solution
in hexane) while maintaining a temperature of between 10 and 20°C. The
ethereal solution was then allowed to equilibrate to ambient temperature
and 7.5g (C 045 mole) of 2-butoxyethyl chloromethyl ether was added by
syringe. The reaction mixture was then boiled st gentle refiux (v38°C)

for 15 hours. On cooling, 50 ml of 5% hydrochloric acid was added and the

organic layer from the resulting two—-phase mixture was separated, washed

~30~-

UNCLASSIFIED

r

T T A TN N e e e TR s TR 1 s e e smesaosnn | \ahAe

R o w3 i et

5
" N . A 4
TN g SN 0 B Aenr e srin e Saritsecn dmens S L

e i A L N A O SN

e B S SRS TS

U RTINS

T SN TR

AL R

av

e T oA S WA i VA N T e h NS S pn ot

A o S bS] fad 18,

T



[ ) . I
et N e s 2o~

.

) i B . S T agea”
By o ind o o AT DT b5 A3 T i 5 2y 2 o2 A A e -‘éﬁ"’« &

A

H £

with saturated sodium chloride solution (3x100 ml) and dried (MgSO4). f

° This mixture was concentrated b distillation at reduced pressure to an ‘

oily residue. The residue was dissolved in a minimum amount of hexane 3

and eluted through a silica gel column (25%x200 mm) with hexane solvent. :

} Concentration of the eluent yielded 4.9g (71%) of clear liquid 2-butoxy- é

+ i
ethoxymethyl-bis—(l-carboranylmethyl)ether: mp <-10°C, ir (neat) 2880 ;

and 2950 (CH,), 2600 (B-H) and 1140 em ™t (C-0). i

) Other carborane compounds prepared by this procedure are f

1isted in Table 4 along with their yields. The NMR and IR spectra of 3

these compounds were consistent with their proposed structures. g

7 TABLE 4. SUBSTITUTED BIS—(l—CARBORANYLMETHYL) AND BIS-(1-CARBORANYL- 3
- ETHYL) ETHERS i
35 Carborane % Yield s
| "3 %
;y CH3CHCH20CH2CHZOCH2—Z—H 65 :
(CH3)3COCH2CH=CHCH2—Z—H 18 :

cH b,

v 3 B

CH ,CHCH,,CH, SCH, -2 ~H 20 ;

¢y ¢y :

CH3C=CHCH2-Z—CH2CH=CCH3 85 5

CH, i

! ;

. CH3C—CHCH2CBlOHIOCCHZCHZOCHZCHZCBloHlOCH 22 ;
CH2=CHCH2CB10H10CCHZCHZOCHZCH2CBlOHloCCHZCH=CH2 26 é

i
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I. Meta-bis~-(l-carboranylethyl)ether (U)

{U) To a solution of meta-carborane (5.0g, 0.035 mole) in 50 ml

of diethyl ether was added butyl lithium (0.037 mole as a 15% solution

in hexane) while maintaining a temperature of between 10 and 20°C, The
mixture was allowed to equilibrate to ambient temp: rature then (2.59 0.018
mole) of bis chlorcethyl ether was added dropwise. After the addition,
the solution was heated to gentle reflux for 15 hours, cooled, and treated
with 50 ml of water. The resulting two phase mixture was separated, and
the upper organic layer washed with saturated sodium chloride solution

(2x100 mm), dried (Mgsoa) and concentrated to a wax-like residue by rotary

evaporation., This material was eluted through a silica gel columm (25x200 mm)

with hexane to yield, on concentration of eluents, 5.1g (82%) of meta-bis-
(1~carboranylethyl)ether: mp 25-30°C; nmr § 2.13 (t, 4, J=7Hz, ng), 2.81

(s (broad), 2, C-H) and 3.29 ppm (t, 4, J=THz, -0). Derivatives of this

,
compound, prepared via the procedure described in part H above, are listed

w'th yields in Table IV.

J. Mixture of Allyl- and Vinyl-bis-(l-carboranylethyl)ethers (U,

) This carborane mixture was prepared using the procedure described

above for meta-bis-(l-cr-boranylethyl)ether. The allyl and vinylcarborane

starting materials were obtained from Olin Chemical Co. as a 50/50 mixture.

Thus, for stoichiometric purposes, a molecular weight of 177g was assigned this

mixture. An 83% yield of the mixed allyl- and vinyl-bis-(l-carboranylethyl)

ethers was realized from this procedure which had: bp >200°C/2 mm; mp <~10°C;

ir 2900 and 2960 (CHZ)’ 260C (B-H) and 1140 cm-l (C-0).
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VI. CONCLUSIONS AND RECOMMENDATIONS (U) % ¢

S

- A.  CONCLUSIONS (U) g 4

S

(¢1)) 1. Pentaborane carboranes are of little value as solid § g

W4

propellant ingredients due to their oxidative instability. g4

w 2. Unsaturated and branched-unsaturated substituents are g ?

L

A

effective at increasing the liquid range of the bis-carboranes, as well % 3

5o

as providing derivatives with improved compatibility in HTPB binders. § ‘g

)] 3. Oxygen ether derivatives of bis-(l-carboranylmethyl)ether % %

are efficient burning rate accelerators, but of marginal value at high ¥ é

] 4 3‘
concentrations due to migratory tendeancies in HTPB propellants. § %

. (1)) 4, The use of ortho~ and meta-bis-(l-carboranylethyl)ethers < %

1

e X ki ¥4

as baseline carboranes, allows the synthesis of new carborane compounds

which exhibit low 1iquid ranges and high compatibility with HTPB. 3
34
B.  RECOMMENDATIONS (V) P

)] 1., The 3,7-~dimethyl-2,6-~octadienyl~bis~(l~carboranylmethyl)

L NEALR L S 3

ether (GBCE) should be fully evaluated in R-45M propellants in order to determine
the processability, effectiveness, and stability of this material.

(1)) 2. Work should continue on the preparation of dialkyl-bis-
(l-carboranylethyl)ethers. A logical pathway for the large scale preparation

of thegse compounds would be, first, the synthesis of an alkylated carborane

LRI

through treatment of the desirel alkyne with decs:rborane

D L
R ATV A
R e S ST S SRPC  y VU SRy S Ayt SN

R-C=CH + B —+ R-C;—— CH + 4 Hz

H
1014
\53
. B10%10
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followed by conversion to the lithio-carborane and reaction with bis-

chloroethyl ether.

. n ——— - aa T
2LiC‘\ O CR + ulCHZCHZOCHZCHZCl > RC\ O/ CCHZCHZOCHZCHZC\O CR + 2LiC1
A\ N i
B16%10 B1ot10 8160
(U) 3. Efforts should be directed towards the syntheses of selected

igsomerin ortho and meta carborane burning rate accelerators. Evaluation of
these materials will provide an indication as to whether the additional effort

involved in the preparation of the meta cacboranes is warranted.

34—
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ciy
4. CH,CHCH,CH,SCH,~Z~H o
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7. (CH,) ;COCH, CH=CHCH,~Z~H
\ —CH,-CH |
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; \CH ~CH g 2 2 i
1 272 |
1 9. HCB, M, CCH,CH,0CH,CH,CB, H, CH
f\i
3 CH
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GLOSSARY %
:a%
AFRPL A1r Force Rocket Propulsion Laboratory #
ASPC Aerojet Solid Propulsion Company ?
CMES Carboranylmethyl ethyl sulfide %
DTA Differential thermoanalysis ?
GBCE 3, 7-Dimethyl-~2,6~octadienyl-bis-(1-carboranylmethyl)ether ?
glpe Gas liquid partition chromatography :
HTPB Hydroxy terminated polybutadiene
Hz Hertz
IPDI Isophoronediisocyanate
IR, ir Infrared
ISp Thecretical specific impulse
] Multiplet
NHC n-Hexyl carborane |
NMR, nmr Nuclear magnetic resonance |
NWC Naval Weapons Center
PPM Parts per million
R-45M Hydroxy terminated polybutadiene
8 Singlet
t Triplet
UFAP Ultrafine ammonium perchlorate
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